alkyl variants (MNG-3-C9, MNG-3-C8, MNG-3-C8Cy and MNG-3-C9Cy) and a conventional detergent (DDM). This diagram was obtained using dynamic light scattering (DLS) where analysis of scattered light intensity fluctuation containing information about the time scale of micelle movements was performed. All detergents were tested at 0.5 wt%, and showed a single micelle distribution, with MNG-3-C10 having the largest micelle formation.
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but supplemented with MNG-3-C10, MNG-3-C9, MNG-3-C8, MNG-3-C8Cy and MNG-3-C9Cy at the final concentrations of CMC+0.04 wt% or CMC+0.2 wt%, respectively (DDM was used as control detergent at the same final concentrations). Following storage at RT, protein samples were centrifuged at the indicated time points and the concentration was determined by measuring absorbance at 280 nm. In addition, for the corresponding time points, protein activity was assessed by measuring [ 3 H]-Leu binding using scintillation proximity assay (SPA). [2] 
R. capsulatus superassembly stability assay
The stability of the R. capsulatus superassembly was assessed according to the published protocol. [3] Briefly, we used specialized membranes obtained from an engineered strain of Rhodobacter (R.) capsulatus,
, with no LHII light-harvesting complex for protein extraction. First, a frozen aliquot of R.
capsulatus membranes was thawed and homogenized using a glass homogenizer. After a 30 min incubation at 32˚C, LHI-RC superassembly was treated with 1.0 wt% DDM and further incubated for an additional 30 min.
Following ultracentrifugation at 315,000 g at 4°C for 20 min, the DDM-solubilized supernatant was transferred into a new tube containing Ni-NTA resin (pre-equilibrated and stored in buffer containing 10 mM Tris, pH 7.8, and 100 mM NaCl). After 1 h incubation at 4°C, the resin was washed twice with 0.5 mL of binding buffer (a pH 7.8 Tris buffer solution containing 1xCMC DDM). The protein was eluted using 3 x 0.20 mL Buffer B containing 1 M imidazole (pH = 7.8). The DDM-purified protein fractions were combined for the next step. For detergent efficacy evaluation, a small volume (0.05 mL) of the DDM-purified LHI-RC was transferred into 0.95 mL individual MNG solutions at concentrations CMC+0.04 wt% or CMC+0.2 wt% and the resulting solutions were incubated at room temperature for 20 days. UV-Vis spectra of these solutions were taken at regular intervals. Stability was assessed by the absorbance value at 875 nm. Reduction in the absorbance value over time indicates degradation of the complex.
MelB stability assay
Our reported protocol was used to evaluate MelB St stability with DDM and MNGs. [4] The plasmid pK95ΔAHB/WT MelB St /CH10 encoding the wild-type MelB with a 10-His tag at the C-terminus and the E. coli DW2-R cells (ΔmelB and ΔlacZY) were used for the assay. Cells growth and membrane preparation were carried out as described. [5] Protein assay was carried out with a BCA kit (Thermo Scientific, Rockford, IL 
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General procedure for dialkylation and reductions (step a & b)
This reaction was synthesized according to a literature method [6] with slight modification. To a solution of diethyl malonate (1.04 mL, 6.9 mmol) in THF (40 mL) was added dropwise a solution of NaH (0.82g, 21 mmol)
in THF at 0 C and left stirring for 20 min. After addition of iodoalkane (2.6 equiv.), the reaction mixture was stirred at room temperature for 48 h, quenched by adding ice-cold saturated NH 4 Cl (100 mL) and then extracted with diethyl ether (2 x 50 mL). The organic layer was washed with brine and dried with anhydrous Na 2 SO 4 .
After complete evaporation of solvent, LiAlH 4 (0.52 g, 14.0 mmol) was added slowly to the residue dissolved in THF (50mL) at 0C. The mixture was stirred at room temperature for 4 h, quenched with MeOH, water, a 1 N aqueous HCl solution successively at 0C and then extracted with diethyl ether (2 x 50 mL). The combined organic layer was washed with brine and dried with anhydrous Na 2 SO 4 . The residue was purified by silica gel column chromatography (EtOAc/hexane) providing alkyl-containing diol as a white solid.
General procedure for glycosylation reactions (step c) [7] This reaction was performed according to a literature method 1 with slight modification. A mixture of alcohol derivative, AgOTf (2.4 equiv.), 2,4,6-collidine (1.8 equiv.) in anhydrous CH 2 Cl 2 (40 mL) was stirred at -45C.
A solution of perbenzoylated maltosylbromide (2.4 equiv.) in CH 2 Cl 2 (40 mL) was added dropwise over 0.5 h to this suspension. Stirring was continued for 0.5 h at -45C, and then the reaction mixture was allowed to warm to 0 C and left stirring for 1.5 h. After completion of reaction (as detected by TLC), pyridine was added to the reaction mixture, and it was diluted with CH 2 Cl 2 (40 mL) before being filtered over celite. The filtrate was washed successively with a 1 M aqueous Na 2 S 2 O 3 solution (40 mL), a 0.1 M aqueous HCl solution (40 mL),
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and brine (2 x 40 mL). Then the organic layer was dried with anhydrous Na 2 SO 4 and the solvents were removed by rotary evaporation. The residue was purified by silica gel column chromatography (EtOAc/hexane) providing desired product as a glassy solid. [7] The O-benzoylated compounds were dissolved in MeOH and then treated with the required amount of a methanolic solution of 0.5 M NaOMe such that the final concentration of NaOMe was 0.05 M. 
General Procedure for the de-O-benzoylations under Zemplén's condition (step d)

